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METH.DS OF BOTANICAL FROSPECTING FCR URANIUM DEPOSITS
(N THE CCLCURADO FLATEAU

By Helen L. Cannon
ABSTRACT

A handbock has been prepared by the U. S. Geological Survey under
the auspices of the Atomic Znergy Commission as a guide to geologists
and prospectors. Two botanical methods of prospecting for uranium ores
or the Colorade Flateau sre described. By one method, tree branch tips
ars sampled and znslyzed for ursnium content. Assay values of more than
1 prm uranium in the ash are considered to indicate favorable ground for
further geologic exploration,

A second method, that of mapping indicateor plants, is also used in
prospecting for uranium. Indicator plsnts are used in conjunciion with
detailed gzclogic studies of restricted areas ss guides to chemical
changes in the ore-bearing formstion., TFlants of the Astragalus genus
sre most useful in prospecting for uranium deposits with @ high
selenium/sulfur retio; Allium ond Ericgonum sre most useful as
indicators of ores with a low selenium/sulfur ratio. Forty
descriptiors and illustrations are given of selenium- and sulfur-
indicator planté cormonly associsted with carnotite deposits sand also

of plants tolerant of highly mineralized ground.
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INTRODUCTION

Two methods . of botanical prospecting have been applied to the search
for uranium deposits on the Colorado Plateau. One method is based on a
chemical analysis for uranium content of deep-rooted plants that absorb
uranium from the ore bodies; the other is based on distribution studies
of indicator plants that are commonly associated with uranium deposits.
A third possibility, that of morphological or physiologicial changes in
plants located in ore deposits has been discarded ws a method of
prospecting on the Coloradc Plateau. In dumps and in diggings where
the ore has been oxidized plants become yellowed and are observed to
flower and set fruit earlier; no growth changes, however, can be detected
in plants rooted in undisturbed ore.

“The genersal principles on which methods of prospecting were
developed are described in earlier pepers (Cannon, 1952; 1953).
Prospecting by plant analysis is comparsble to soil analysis but admits
the possibility of detecting ore through s maximum of 75 ft of barren
rock. The tree thus acts as a conduit for the upward migration of
soluble salts to the ground surface. The method is applicable on
broad flat benches where plant samples can be collected on a grid
pattern to outline mineralized areas at depth and also along rim out-
crops where the ore-bearing bed may be covered by talus or slump.

The samples are shipped to a chemical lsboratory for quantitative

assay.
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Prospecting by indicator plants ir a less expensive method and
consists of mapping the areal distribﬁtion of indicator plants or studying
plant associations of less diagnostic species. Forty indicator plants
which are controlled in distribution by the chemistry of the ofe deposits
and useful in botanicel prospecting are described, illustrated, and their
use in prospecting evaluated in the latter half of this handbook. The
material has been corpiled & a non~technical guide for the field man.
It is not intended as a key for species identification nor as a collection
of taxonomic descriptions of plents zrowing on the Colorsdo Plateau.
Rather, the illustrations are intended as a sorting device to enable
geologists and prospectors to set apart, in & preliminary way, the plants
growing in their area which may be useful in prospecting. The data have
been gathered during the course of botanical prospecting studies on the
Coloredo Plateau. The work was done by the Geological Survey on behalf
of the Division of Raw Materials of the U, 8. Atomic Energy Commission.
The zuthor wishes to acknowledge the help of AL Froelich of the Geological
Survey who contributed to the section on the absorber plant method.

Plants collected in the course of this study were identified by
specialists familisxr with the plants of each state. T. H. Kearney,
A. H. Holmgren, R. J. Davis, and E. F. Castetter have been particularly
helpful in identifying specimens submitted to them. The plant
descriptions are accommziiied in most cases by a line drawing and a
black and white photograph. The drawings were made by Maxine Heyl
and Ann Pettigrew from pressed plant specimens. The photographs were
taken with s Busch press camers by the author and assistant, Edward
Clebsch. Further descriptions and pressed material are available for

study in the Geological Survey office in Grand Junction, Colo.
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COTL.ORADO PLATEAU SOILS AND GROUND WATER CONDITIONS

The interpretation of plant distribution patterns on the Colorado
Pleteau is related closely to soil and ground water conditions. The
climste of the Platesu is semisrid and little residual soil is formed
except on the higher mesas, The sandy and clayey soils thst are present
bear a close relation to the alternating beds of sandstone and shales
from which they are derived., Shreve (1951, p. 16) described similar
desert soils as typically of low humus content, well-serated, with a
high content of readily soluble salts, and encrustations of hardpan.

The most common soluble sslts in a desert soil are carbonates, chlorides,
and sulfates of calclim magnesium, and sodium. Many desert plants are
tolerant of large amounts of these elements.,

In the semiarid Plateau the dependence of indicator plants either
directly or indirectly on ground water conditions makes mandatory a
study of water conditions in an area of plant study.

Water occurring beneath the ground surface is present in the
zone of saturation and the zone of aeration (Meinzer, p. 29-95, 1923).

Water occurring in the "zone of saturation®™, or zone of permeable rocks .

that asre generally saturated with water under hydrostatic pressure, is
called "ground water", The upper surfzce of the zone is called the
"ground water table", Due to capillerity, however, the earth is
invarliably moist for a distence of several feet above the water table,
The thickness of the "capillary fringe", varies inversely with the size
of the interstices and may vary Ifrom 8 or 10 feet in fire siit or sand
tc 3 or 4 feet in coarse clean sand. The "zone of seration" extends
from the water tzble tc the surface, and weter in this zone is called

"vedose water®, In aduitior to the zones descilibed, water falling on

dry so0il may be held in « "suspended capillary fringe®, if there is
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not enough water to fill the capillary system to a depth sufficient to
cause downward percolation by gravity. Also, above impervious layers
of clay or volcanic ash, temporary zones of saturation may alternate

with zones of aeration, giving rise to "perched water tables'.

The latter situation is common on the Colorado Plateau where, in
general, the ore-bearing sandstones are perched aquifers underlain by
layers of impervious under-clay (Phoenix, 1952, p. 25). locally clay
seams or splits in the sandstone occurring above the ore horizon may

prevent oxidetion of primary ores at a relatively shallow depth.
PIANTS IN RELATION TO GROUND WATER

Perennial plants, especially in arid regions, which obtain their
water from near or below the water table, in contrast to most plants which

utilize soil moisture above the water table are called phreatophytes

(Meinzer, 1923, p. 95), (Meinzer, 1927, p. 1) (Robinson and Turner, in
preparation). Plants which utilize soil moisture where it is available
in the zone of aeration, but can withstand long periods of drought are
called xerophytes. Many, like the cactus, have relatively short roots,
but thickened stems or leaves, well protected from evaporation and
designed for water storage. A third group which endures adverse periods
as bulbs or as seeds beneath the soil, bursts into bloom suddenly,
following a period of heavy rainfall;, sets fruit and dissppears, is
called ephemeral., These are largely annuals or spring bulb plants.
Plants of all three groups occur in uranium districts of the Colorado

Plateau and are described in this report.
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Phreatophytes such as Salix {willow), Tamerix (tamarisk), Cowanis
(cliffrose), Shepherdia (buffaloberry), Sarccbatus (greasewood),

Chrysothamnus (rebbitbrush), and Hedyserum (sweetvetch) are typical

indicators of ground water. Normally, on the Colorado Platesu, Jjuniper
and pinyon are alsc phreatophytes and, in areas where the ore~bearing
bed is an aguifer, are the best plants for absorber plant prospecting.
The use of a phreatophyte in absorber plant prospecting assures that
the roots of the sampled plants peretrste the ground wabter horizon which
is also commonly the ore horizon,

Generally xerophytes are alsc halophytes or plants that are very
tolerant of soils of high salt content and are therefore tolerant of and
in some cases indicative of shallow uranium deposits. Where the ground

water table is below the ore zone, Atriplex confertifolia (shadscale),

a xerophytic halophyte, may be sampled .s an sbsorber plant.

In areas where soluble salts from sulfide ore bodies have migrated
in considerable cuantities to surface soils, indicator ephemersls mey
flourish and be useful in prospecting. For example, wild onions and
other lilies, which are sulfur indicators, have been found to indicate

ore at depths of 20 to 30 feet beneath the surface.
PLANT ASSOCIATIONS ON THE COLORADO PLATEAU

The distribution of major plant communities of the Colorado Plateau
is controlled by many factors including slope, altitude, ground-water
conditions, soil seration, soil acidity, and soil salt content. In
general, the plants described belong either to the sagebrush-juniper-
pinyon or the greasewood-shadscale plant associations. The former
association is common on sandstone benches where ground water of low

alkali content is available, and the latter in alluvium and clay beds

of righ salt content.
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On the higher beuches where water of low alkali content is availgble
in the sandstones, little change in the general appearance of the sage-
brush-juniper-pinyon flora can be seen around carnotite deposits except
that sagebrush flats predominate cver forest cover. In peorly drained
areas at lower altitude, however, the general appearance of the flora in
the carnotite districts is frequently similar to the flora of a salt flat.

Instead of an association in which sagebrush (Artemisie tridentata), hop

sage (Grayia spinosa), or salt bush (Atriplex canescens) is dominsat, it

is largely a shadscale (Atriplex confertifclia), snakeweed (Gutierrezia),

or greasewood (Sarcobatus) association capeble of growing in soils of high
salt content.

Patches of indicator plants, controlled in distribution by the
availability of specific chemical elements, are found within the shadscale-
snakeweed browse., These plants, which may indicate mineralized ground, are
not controlled by any one factor and are usually common rather than unusual
plants, The control of the species may be pH variations; a change in the
availability of phosphorus, potash, calcium cr other major constituent
necessary for plant growth; or a true dependence on a particular elemen:
such as selenium or sulfur.

Selenium-indicator plants are the only group definitely known to be
dependent on the presence or absence of a single element. The selenium
indicators described by Trelease and Beath (i949) include a tribe of Astragalus

species, Stanleya, Aster venusta, Qryzopsis, and several other plants. These

indicators sbsorb large amounts of selenium, sufficient in some areas to poison
sheep and cattle. Because selenium is present in many uranium cres, these

plants are in some places useful guides to the location of uranium deposits.
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The distribution of many sulfur-absorbing plants reflects the presence
of large amounts of sulfur in the soil., Plants that require.large amounts
of sulfur for their growth include the lily and mustard families; at least
a part of the buckwheat family, and various isolated genera. Because
many uranium ores contain fairly large amounts of sulfur, the sulfur
absorbers are also commonly found in the vicinity of uranium deposits,

Both selenium and sulfur are present in all sedimentary rocks, but
the concentration varies greatly with stratigraphic units and areal
distribution, For instance, the selenium content of western Cretaceous
shales is high and remains relatively constant in particular beds or
strata over distances of several hundreds of miles, Both elements may
also be concentrated in tuffs, coals, or ore deposits, Their occurrence,
however, in amounts less than 10 ppm in barren Triassic and Jurassic
sandstones contrasts sharply with concentrations up to 1,000 ppm in ore
deposits in the same formations, For this reason, the effect on the
distribution patterns of indicator plants may be conspicuous if observed
along the outcrop and combined with careful geologic study.

Many of the other plants found near uranium deposits probably
reflect changes in acidity and in the availability of major plant
nutrients, In addition to the direct control that the hydrogen-ion
content may have on the plant, conditions prevailing in the vicinity
of sulfide-rich ores may control plant distribution by increasing the
availability of potassium, calcium, and phosphorus., The increase in
potash availability around uranium deposits may be the controlling

factor in the preservation of relict areas of tall prairie grasses,
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Undoubtedly, the tendency for Astragalus to grow around carnotite
deposits is increased by the presence of potassium phosphate and also
vanadium, According to Russell (1937, p. 91) potash has a stimlating
effect on the germination of legumes and frequently controls their
distribution in competition with grasses and other plants, Legumes absorb
large amounts of phosphate, and vanadium is also important as it can
substitute for molybdenum in the nitrate fixation process (Bortels, 1933),
Many legumes are able by means of a symbiotic relationship with certain
bacteria to enrich the soil by addition of nitrogen compounds. Controlled
plot experimeﬁts indicate that the presence of carnotite is of even
greater importance in the early growth of Astragalus than selenium,
although selenium is necessary for the establishment of second year
perennial plants, At the same time Stanleya, favored by the presence
of selenium and sulfur, grows poorly in experimental plots containing
additions of carnotite ore, Thus the combination of elements in a
carnotite-ore body creates a complex environment for plant growth, and
the relative abundance of one element compared to another affects the
combination of indicator plants, Probably seleniferous carnotite ore
deposits are very favorable for the growth of Astragalus, but a high
selenium content restricts the growth of the sulfur-indicator Allium,
and Stanleya, a dependable selenium=indicator, is most useful in alluvial

or down-stream prospecting for a carnotite deposit,



13

In addition to those plénts which act as indicators of mineralized
ground or can be used in alluvial prospecting, a large group of plants
are tolerant of mineralized ground and many of these plants are described
in this report. In general, plant adaptation to soils of high mineral
content has proceeded in two diverse directions. For example, the shad-
scale absorbs enormous quantities of salts without harm to the plant
growth, while plants of the rose and cactus families have an acid cell

sap and & buffering system which:exclude these salts.
HOW TO USE ABSORBER PLANTS IN PROSPECTING

Basic data on the absorption of uranium by plants must be established
for control in the area to be prospected, Commonly a collection of
samples from a variety of species in close proximity to one another is
made in an area known to be mineralized but uncontaminated by surface
workings. These are compared with similar collections in an unmineralized
area, Several trees are also selected for periodic sampling to test
the consistency of laboratory results and seasonal variation,

A study is made of the extent of mineralized outcrop, size and
habits of the ore bodies, and the relation of the ore-bearing bed to the
water table and to plant roots., From these observations the sampling
medium and sampling interval are determined. Those trees and shrubs

commonly sampled on the Colorado Plateau are shown in table 1.
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Table l—Absorber plants used in prospecting on the Colorado Plateau

Plant ) Altitude

Pinus nonderosa Dougl. (Ponderosa Pine)
Pseudotsuga taxifolia Britt (Douglas fir)

Abies concolor Lindl. (White fir) P 7,000-9,000 £t
Shepherdia rotundifolia Parry (Buffaloberry) -
Pinus edulis Englm. (Pinyon) :}' 000-7.000 £t
Juniperus scopulorum Sarg. (Rocky Mtn. juniper) 6 7s
Juniperus utahensis Sarg. (Utah juniper) )
Juniperus monosperma Engelm. (Oneseed juniper S

Cowania stansburiana Torr. (Cliffrose) 4,000-6,000 £t
Atriplex confertifolia (T. & F.) S. Wats (Shadscale)

Branches on a given side of the tree are connected directly to roots

on that side of the tree so that the uranium content may vary greatly
from one side of the tree to the other. To obtain the best possible

representative sample, therefore, it is recommended that branch tips
composed mostly of needles be collected from all sides of the tree.

The sampling interval depends upon the objective of the project.

On a broad flat bench grid pattern spacing adequate to detect either ore
bodies or mineralized halos is desired. The resulting values may be
contoured to show ares favorable for geologic exploration. An initial
sampling program on a 200 to 250-foot spacing is usually adeduate, Later
fill-in samples on a 50-foot spacing may be collected in anomalous areas.
A short interval of 15-30 feet is recommended for sampling traverses
across talus-covered outcrop, The results will give maximum information
in areas where the bedrock is under cover.

Under the present laboratory procedure it is necessary that quart
samples (about 150 grams) of material be collected, Samples can be
collected: at. a. rate of about 300 a week and shipped to a well equipped
uricontaminated laboratory for analysis, Two methods of analysis for

small amounts of uranium in plant ash have been developed by the
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Geological Survey laboratories ZGrimaldi, et al., 1952, 1954). By the
direct fluorimetric method the plant ash is mixed with a fluoride-carbonate
flux and the amount of fluorescence of the bead or button is measured
photoelectrically by a transmission fluorimeter. This method is satise
factory for samples that contain little or no manganese or cther elements
which may act as a quencher and reduce the amount of fluorescence of the
uranium bead. As this is a more rapid analytical procedure than the
extraction fluorimetric method, it is desirable to use it whenever
possible. When quenching elements are present in quantity, the extraction-
fluorimetric method is employed. By this method the uranium is separated
chemically from interfering elements before the bead is made. The
orocedure is considerably longer and more expensive than the direct
fluorimetric method. Research on chromographic field tests by which
several hundred analyses may be made in a day is in progress. Analytical
results are stated in terms of parts per million (ppm) uranium in the
plant ash. The precision to be expected from the laboratory for values
from 0.3 to 5.0 ppm U is a standard deviation of a 0.5 ppm.

Although the aversge amount of uranium absorbed by plants rooted
in ore varies slightly depending on the type of ore and degree of
oxidation and also on differences in the type of samples selected,; an
average figure of 1 ppm in the ash has been set as an arbitrary cutoff.
This was recently shown by a statistical analysis of 5,000 tree samples
to be a true cutoff value. Contents of uranium zbove this amount are
considered to be anomalous and to indicate favorable and possibly

mineralized ground.
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In places vhere grid sampling is used the assay data can be
contoured on base maps. Where rim-sampling is employed, areas of
favorable rim can be indicated for back~from-rim drilling. The anomalies,
however, delimit only areas of unususl uranium content in the vegetative
cover. They do not show a positive correlation between the amount
absorbed by the plants and the grade of the ore or the depth to ore.

The interpretation of the data is dependent on the validity of the
laboratory analysis, the size of sample interval, and the amount of work
done on geologic and topographic fleld relations. Much depends on the
comprehension by the prospector of the geologic environment. Plant
enalysis is an additional prospecting tool to be used with geologic

interpretation in the searcn Tor ore.

FEOW T0O USE INDICATOR PLANTS IN PRCSPECTING

The first step in using indicator plants in a new area is to
study the plants growing in areas of kncwn mineralized ground. The
information on indicator plants included in this report was established
by marking off 10 ft by 5 ft areas over known ore bodies in a number
of districts and similar areas over unmineralized portions of the same
bed with similar exposure and slope. In each plot complete plant lists
were made from which final lists of indicator and tolerant plants were
derived. When any of the illustrated plants are observed in a new area,
a careful study of their distribution should be made to determine if

and how they can be used in prospecting.
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After such studies have been mede, similar plant associations
may be located along a given outcrop of ore-bearing bed through
reconnaissance prospecting. A certain amount of caution must be
exercised., The plants are, of course, all common roadside weeds and
may be found in places where no uraniun is present. Selenium plants,
for example, may grow wherever there is a small amount of selenium
in the soil. Sulfur plants may grow wherever gypsum is present. The
plant species described in this book, however, have been noted repeatedly
in close association with uranium ore deposits and have been used
successfully in uranium prospecting.

Indicator plants are best studied and mapped when in bloom. For
this reason, the approximate blooming date has been given for plants
growing at an altitude of 4,500 feet and near the 39th parallel. The
blooming time for a given plant would be somewhat earlier farther south
or at lower altitudes, and later farther north or at higher altitudes.
In general, ephemerals, like plants of the 1lily family, cre available
for study only in the spring or early summer. MNeny of the Astragalus
species bloom in April, but as they can be recognized from the dead
seed pods and stalks they can be used later in prospecting (figure 1).

Stanleya and other mustards continue to bloom throughout much of the

summer. Many composites, Plantago, and Mentzelia bloom in the late

summer and fall.
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PLANT DESCRIPTIONS
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ASTRAGALUS PATTERSONI, A. Gray

Femily: pea, Leguminosae

Flowers: Cresm-colored irreguler flowers with purple dot
on keel, growing in tall clusters which extend
beyond the foliage. Blooms in April and May.

Leaves: Pinnate with numerous oval leaflets.

Fruit: Fat pods mounted on short stem. Seeds rattle in
pod when dry (then called rettle-weed).

Root: Very long taproot, commonly 30 ft or more in length.

Plant: Perennial, 1-4 ft high. Garlic-like odor common

to foliage due to presence of selenium,
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ASTRAGALUS FREUSSI, A. Gray

Family: pea, Leguminosse
Flowers: Purple irreguler flowers with darker calyx,

arising from creeping root stalks. Blooms in

April-May.
Leaves: Smooth pinnate with 11-15 elliptic leaflets.
Fruit: Fat smooth oblorng slightly curved, with short stem.
Plant: Perennial. Many stems less then & foot high arising

from a woody base. Garlic-like odor of foliage

due to presence of selenium.

65860
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ASTRAGATUS THQVPSONAE, S, Wats.

Familys ’ rea, Leguminosae

Flowers: Very showy, rinkish-lavender irreguler flowers.
Blooms in April-May.

Leaves: Leaves all bassl, pinnate, with ovate leaflets.
Hairy, but hairs not alined in any perticular
direction.

Fruit: Fat, two-celled, slightly curved, hairy pods
with thick walls which become woody.

Plant: Rosette type, 6-12 in. across with all leaves
basal, Plant and pods covered with soft

silvery hairs,
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ASTRAGALUS CONFERTIFLORUS, A. Gray )
Family: pea, Leguminosae
Flowers: Cream-colored, irregular flowers in dense

inflorescence. Blooms in May.

Leaves: Pinnate with linear leatlets.

Fruit: Erect pod from stalk, not inflated, and
with no individusl stem.

Plant: Perennial about 8 in.high with erect

stems and bluisgh foliage.







ASTRAGALUS BISULCATUS (Hook) A.Gray

Familys
Flowers s

legvess

Fruits

Plante

pea, Leguminosae

Deep purple, irregular flowers in elonghted
inflorescence which extends above the foliage,
Blooms in June~July.

Smooth pinnate with oval or oblong leaflets.
Linear 1-celled pod with 2 deep grooves on

the upper side.

Stout, erect,
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PRIMARY INDICATOR

Control: Selenium

No photo available

TWO-GROOVED MILKVETCH
and other species listed below have been observed
around uranium deposits and used in prospecting
in some areas. A, bisulcatus occurs in Powder River
Basin deposits and at Poison Buttes in Wyoming and
is highly seleniferous. Although the species listed
below are not described as Se indicators by Beath,
it is believed t!at they can be used as indicators
where association with known ore bodies has been

established.

A. dodgeanus Jones
A. lentiginosus Dougl.

A, lonchocarpus Torr.

A. missouriensis Nutt.



ALLIUM ACUMINATUM Hook. and related species

Fomily:

Flowerss

leaves:

Fruit:

Plant:

1ily, Lilisceae

Umbrella-like cluster of small pink flowers st

end of lorg stalk., Each petal has a middle line of
deep pink. Blooms in April-May.

Two linear leaves about 6 in. long from bulb at base.
Leaves are shorter than flower stem.

3-lobed capsule.

Spring ephemeral., Bulb with outer covering.

Strong odor of crushed plant cheracteristic.
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—~—capsule

CALACHORTUS NUTTALLI, Torr. & Gray
Family: 1ily, Liliaceae
Flowers: 3 large white petals marked with yellow and purple
at base. Glend with hairs at base of petal. 1-5
flowers on stalk. Blooms in April-May.
Leaves: Several alternate grass-like leaves about 6 in.

long, trough-shaped in cross section. Onion-like

bulb.,
Fruit: Three-angled capsule.
Plent: Spring ephemeral. Grass-like leaves arising from

bulb.
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ZIGADENUS GRAMINEUS, Rydb.
Femily: 1ily, Liliaceae

Flowers:

Leaves: -

Fruits

Plant:

Inconspicuous greenish-white flowers with 6 "petalgt
which grow in a raceme on flower stalk about 8 in,
high. Gland near the base of the petel. Blooms

in April.

Smooth, narrow, grass-like leaves arising from bulb,
3-celled capsule.

Spring ephemeral. Bulb with membranous covering.







STANLEYA gp, pinnate

Family: mustard,

Flowers:

Leaves?

Fruit:

Plant:
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Cruciferae

Golden yellow, with four clawed petals, on tall
stalk; through the surmer months the stalks show
a progression from buds, to flowers, to seeds.
Stamens unequel with anthers curled at maturity.
Pale green, alternate; variable in shape and size,
often lyre-sheped or entire.

Long thin capsule containing many seeds.

Coarse phreatophyte perennial with thick erect

stalk, 1-2 ft high, and woody root.




































































































































































































